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(54) RNISHING METHOD FOR GEAR 

(57)Abstract: 

PURPOSE: To eliminate fluctuation of machining accuracy and improve 
machining accuracy in stable state by correcting the position of a grinding wheel 
according to the backlash detected by a sensor in the meshing condition of a 
gear to be worked with the grinding wheel. 

CONSTITUTION: When reference positions of a work W and a grinding wheel 7 
are calculated, the reverse rotation command per one pulse is given to a main 
spindle motor 6 so as to intermittently reversely rotate the work W by a minute 
quantity. When following rotation of the grinding wheel 7 is begun, rotation of the 
work W is stopped, and rotating displacement during the time of the work W is 
counted as the number of pulse generated in a pulse generator 1 9. This rotating 
displacement corresponds to the backlash between the work W and the grinding 
wheel 7. Next, when the calculated value of backlash is obtained, a position 
correcting quantity of a grinding wheel table 12 necessary to make the backlash 
zero, namely a necessary approaching quantity of the grinding wheel 7 to the 
work W hereafter is searched, and the control system of a feed motor 1 3 is 
commanded to approach the grinding wheel 7 to the work W by the position 
correcting quantity to appropriately mesh with each other 
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TITLE OF THE INVENTION 
A finishing method of gear 
[Claims for the Patent] 

(1) 

In a finishing method for finishing a gear to be processed, which comprises the 
following steps: 

a step that center impeller supports the gear which should be processed with head- 
stock comprising a spindle motor and tail stock, 

a step which it is supported by a wheel-spindle stock, and rotationally drive a gear- 
shaped abrasive wheel by means of an abrasive wheel drive motor, 

a step which gives a wheel-spindle stock feed by feed motor by it synchronizes by 
engaging a wheel-spindle stock with gear to be processed, and turning and, 

the finishing method of gear characterized by the following processes: 

a process which by quantity of turns intermittently minute in gear to be processed 
in the condition which engaged an abrasive wheel with gear to be processed before a 
work by a spindle motor, 

a process calculating the reamer reference position which it is, and an abrasive 
wheel turns around with a revolution of gear to be processed, and begin to do, 

a process making gear to be processed reverse by a minute amount from a reamer 
reference position by means of a spindle motor intermittently, 

a process detecting revolution displacement magnitude of gear to be processed 
before it is again, and an abrasive wheel turns around from said reamer reference 
position, and beginning to do with a sensor, 

a process which above revolution displacement magnitude is based on, and 
calculate position augmenter of the abrasive wheel that it is necessary to do gear to 
be processed and backlash between things of an abrasive wheel in a zero, 

a process which gear to be processed and backlash between things of an abrasive 
wheel are based on above position augmenter so that it is in a zero, and feed is given 
a wheel-spindle stock by feed motor, and revise a position of an abrasive wheel. 

DETAILED DESCRIPTION OF THE INVENTION 

FIELD OF INDUSTRIAL APPLICATION: 

The present invention relates to a finishing method of gear by grinding. 
PRIOR ART: 

Face roughness of spur gear and tooth flank of a hasu both teeth wheel and 
improvement of tooth form accuracy are aimed for, and that finishing of gear is put 
is conducted by grinding. 

Finishing by such a grinding makes, for example, support center impeller with 
head-stock and tail stock in gear to be processed, it makes do an each synchronous 
rotation with an abrasive wheel drive motor with an abrasive wheel by a spindle 
motor in gear to be processed while this cover work gear and an abrasive wheel of 
form of internal gear can be engaged, what is ground using sliding contact between 
gear to be processed and tooth flank with an abrasive wheel by turning gear to be 
processed and abrasive wheel like gear set is done with a base. 

A problem to be solved by the invention 

In such a conventional finishing method, it is an ideal that gear to be processed and 
abrasive wheel can be engaged so that the backlash becomes a zero, and conduct a 
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work. 



However, after having matched a phase with an abrasive wheel with gear to be 
processed, even if prescribed feed was given a wheel-spindle stock for the purpose 
of it being, and gear to be processed and center-distance with an abrasive wheel 
were able to engage both parties with prescribed value, a fighting each other 
condition of the both parties may not become always given. 

This is so that a work error at the time of the cutting that individual gear has and an 
abrasion condition of an abrasive wheel delicately influence, and in this situation 
improvement of accuracy of finishing cannot be expected. 

Because of this after it was unavoidable, and an operator brought gear to be 
processed and abrasive wheel close slowly, and, in the event of the gear which high 
accuracy was demanded from, having been able to engage both parties, normal and 
reverse rotations can put gear to be processed or an abrasive wheel, and a fighting 
each other condition of both parties is confirmed. 

However, as for the activity, the place that is due to experience and perception is 
big, dispersion is easy to be produced by an individual operator to be able to ache, a 
problem is still had on a thing of equalization of gear cutting accuracy. 

Further because gear to be processed and coming together activity itself with an 
abrasive wheel are hand work, when all automation of gear cutting is propelled, it is 
with big trouble. 

The present invention was finished in view of problems such as the above. 

gear to be processed and backlash between things of an abrasive wheel are grasped 
quantitatively, and there is for the purpose of the backlash providing the reasonable 
method that it is engaged, and was able to create a condition automatically how it is 
in a zero. 

MEANS FOR SOLVING PROBLEM: 

Including the process that the present invention is the following: 

a step that center impeller supports gear to be processed with head-stock 

comprising a spindle motor and tail stock, 

a step which it is supported by a wheel-spindle stock, and rotationally drive a gear- 
shaped abrasive wheel with an abrasive wheel drive motor, 
a step which makes both parties is engaged by means of giving a wheel-spindle 

stock feed by feed motor, and do a synchronous rotation, 
the finishing method of the gear which made finishing on gear to be processed, 
the finishing method of gear characterized by means of the following processes: 
a process which by quantity of turns intermittently minute in gear to be processed 

in the condition which engaged an abrasive wheel with gear to be processed before a 

work by a spindle motor, 
a process which calculates the reamer reference position which it is, and an 

abrasive wheel turns around with a revolution of gear to be processed, and begin to 

do, 

a process which makes gear to be processed reverse by a minute amount from a 
reamer reference position by a spindle motor intermittently, 

a process which detects revolution displacement magnitude of gear to be processed 
before it is again, and an abrasive wheel turns around from the reamer reference 
position, and beginning to do with a sensor, 

a process which the revolution displacement magnitude is based on, and calculate 
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position augmenter of the abrasive wheel that it is necessary to do gear to be 
processed and backlash between things of an abrasive wheel in a zero, 

a gear to be processed and a backlash between things of an abrasive wheel become 
a zero, it is the step which the position augmenter is based on, and feed is given a 
wheel-spindle stock by feed motor, and revise a position of an abrasive wheel. 

Operation 

According to this method, gear to be processed and a real backlash between things 
of an abrasive wheel are detected, gear to be processed and a backlash between 
things of an abrasive wheel become a zero at a stage to begin finishing by this 
backlash is accepted, and revising a position of an abrasive wheel, and the fighting 
each other condition which is appropriateness according to an ideal is provided. 

Example 

FIG. 2 - FIG. 4 is an architecture explanatary drawing representing an example of 
the finishing device which the present invention is applied to. 

When, as for cover work gear (for purposes of this example, it is shown to that 
example of a hasu both teeth wheel, a the following work-piece is feigned) W 
comprising shank S, is supported the one end in chuck 2 of head-stock 1 side and 
head center 3, and, as shown in FIG. 2, is supported other edge in tail center 5 of 
four tail stock sides, is rotationally driven by spindle motor 6. 

Circumferentially internal gear engaging with this work-piece W-shaped abrasive 
wheel 7 of work-piece W, is arranged in form supported to abrasive wheel electrode 
holder 8, abrasive wheel electrode holder 8 goes through axle box baring 10 to 
housing 9 as shown in FIG. 3 and FIG. 4, and is supported rotatably. 

Housing 9 is coupled to sliding base II by one body, and wheel-spindle stock 12 is 
comprised with sliding base II. 

And feed is given by feed motor 13 and ball screw 14, and, as for wheel-spindle 
stock 12, advance go-astern comes to work. 

Chain 18 is about to be wound up between chain sprocket 15 of eight abrasive 
wheel electrode holder sides and chain sprocket 17 of 16 abrasive wheel drive motor 
sides while chain sprocket 15 is formed in circumference of abrasive wheel electrode 
holder 8 by one body, and abrasive wheel 7 goes through chain 18 with abrasive 
wheel drive motor 16, and it is rotationally driven. 

Thus, after having engaged abrasive wheel 7 with work-piece W, because an each 
synchronous rotation can put abrasive wheel 7 with abrasive wheel drive motor 16 
by spindle motor 6, work-piece W and abrasive wheel 7 do work-piece W like a 
relationship of gear set, and it rotates, grinding finishing is put for tooth flank of a 
work-piece W side for sliding contact between tooth flank of both parties. 

In addition, spindle motor 6, feed motor 13 and abrasive wheel drive motor 16 has 
pulse generator 19.20 or 21 as a position sensor in each, each pulse generator 
19,20.21 form a position feedback control loop between location control equipment 
22. 

Axle box baring electrode holder 23 is gone through as shown in FIG. 3 and FIG. 4 
to a side of abrasive wheel electrode holder 8, and magnet 24 is assembled, magnetic 
sensor 25 actuating magnet 24 as a to be detected thing to the other, housing 9 goes 
through bracket 26, and is assembled. 

When this magnetic sensor 25 faces magnet 24, when, using the property that 
magnetic field changes into in the case that is not so, abrasive wheel 7 is calculated 
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in prescribed constant angle stopping place with a thing outputting the magnetic 
field change as a change of current value, is used. 

As thus described a step shown in a flow chart of FIG. 1 is depended on when a 
finishing device composed of is used, and a work is conducted. 

Abrasive wheel 7 is turned with abrasive wheel drive motor 16 while work-piece W 
is turned by spindle motor 6, and a gear tooth of work-piece W calculates as shown 
in FIG. I and FIG. 2 for the purpose of it being in a prescribed phase, and a gear 
tooth of abrasive wheel 7 is calculated so that a phase of a gear tooth of a work-piece 
W side and a phase of a gear tooth of seven abrasive wheel sides agree. 

As for this, a gear tooth of abrasive wheel 7 is calculated by stopping a revolution 
of abrasive wheel drive motor 16 in FIG. 3 and the position that magnetic sensor 25 
faced magnet 24 as shown in FIG. 4. 

If work-piece W and indexing of abrasive wheel 7 were completed, feed motor 13 
is operated, and feed is given wheel-spindle stock 12, only specified quantity 
advances wheel-spindle stock 12 by quick traverse. 

The stroke that should advance wheel-spindle stock 12 is set beforehand, because, 
besides, a phase with abrasive wheel 7 has already agreed with work-piece W as 
discussed above, work-piece W and abrasive wheel 7 will be engaged in a rough 
condition hereby. 

A revolution command every one pulse is given as against spindle motor 6 
successively, and by pettiness amount turns work-piece W intermittently, till 
abrasive wheel 7 begins to rotate by this action, it is continued. 

In other words, Till, at the same time, it is, and abrasive wheel 7 turns around, and 
it begins to be done for a revolution of work-piece W, work-piece W is turned 
intermittently, a revolution of work-piece W is stopped in the point that abrasive 
wheel 7 is, and it turns around, and have begun to be done. 

Here, Because magnetic sensor 25 detects this promptly when little, magnet 24 
facing magnetic sensor 25 beforehand moves, it can confirm whether it is, and 
abrasive wheel 7 turns around, and it has begun to be done. 

The condition which work-piece W and one tooth flank Fa of abrasive wheel 7, Fb 
touched to represent to FIG. 5 is created by the above, this position becomes a 
reamer reference position. 

If a reamer reference position was calculated, it makes a reverse rotation command 
every one pulse is given as against spindle motor 6 this time, and work-piece W 
reverse by a pettiness amount intermittently. 

And, Till, at the same time, it is, and abrasive wheel 7 turns around, and it begins to 
be done in reverse rotation of work-piece W, it makes work-piece W reverse, pulse 
generator 19 of six spindle motor sides counts revolution displacement magnitude of 
work-piece W in the meantime as occurring pulse number P while a revolution of 
work-piece W is stopped in the point that abrasive wheel 7 is, and it turns around, 
and have begun to be done. 

This revolution displacement magnitude is equivalent to work-piece W and 
backlash amount A C (FIG. 5) between things of abrasive wheel 7. 

In addition, It is detected whether it is, and abrasive wheel 7 turns around, and it 
has begun to be done with magnetic sensor 25 same as the above. 

If revolution displacement magnitude of work-piece W was provided as pulse 
number PI, backlash amount A C is calculated by the next formula. 
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Total indexing pulse number. Dp when a one revolution was able to place work- 
piece W are work-piece pitch diameter, and, AC =( ff DP/PC) XPI here, Pc is both 
known value. 

As discussed above, If value of backlash amount A C was found, grinding this 
backlash amount A C in a zero is demanded whether only which more should bring 
abrasive wheel 7 close to work-piece W in necessary position augmenter A Z of 
wheel-spindle stock 12 namely a condition of FIG. 5 from by the next formula. 

It is Ian alpha to eight A Z C In addition, Alpha is known value in pressure 
angle. Further, The a series of operations are conducted in arithmetic processing 
part in locating control equipment 22. 

If position augmenter A Z of wheel-spindle stock 12 was pursued, this position 
augmenter A Z is applied to a control system of feed motor 13, and position 
augmenter AZ cook abrasive wheel 7, and further work-piece W can be approached. 

By this. Work-piece W and backlash A C between things of abrasive wheel 7 
become a zero, it is engaged, and a backlash is in a reasonable condition with work- 
piece W and abrasive wheel 7. 

It is awarded a work trigger command from locating control equipment 22 after this, 
and spindle motor 6 and abrasive wheel drive motor 16 actuates, work-piece W and 
abrasive wheel 7 seem to be gear set, and finishing by grinding is put for iko in what 
a synchronous rotation does same as before. 

After it, finishing by grinding is put by abrasive wheel 7 totally synchronizes with 
work-piece W like gear set same as before, and rotating. 

In addition, It is not necessary for compulsion to always turn work-piece W with 
spindle motor 6 in the case of grinding. 

EFFECT OF THE INVENTION: 

According to the present invention, normal and reverse rotations can put to be 
processed gear by a spindle motor in the condition which was able to engage an 
abrasive wheel with to be processed gear before work start-off as above. 

After having detected a backlash at that time with a sensor, it is composed of to 
revise a position of an abrasive wheel depending on the backlash amount. 

Therefore backlash amount can be grasped quantitatively in comparison with 
before. 

Even in the case of the gear which a high accuracy is demanded from, dispersion of 
accuracy of finishing is lost thereby. 

And it is matched with improvement of accuracy of finishing itself, and 
stabilization of accuracy of finishing can be planned. 

Further while it participates, it will not be necessary an operator, and, by means of 
that backlash amount can be grasped quantitatively as above, maintaining accuracy 
of finishing of gear for identification of backlash amount, complete automation of 
gear cutting can be realized. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a flow chart representing one embodiment of the invention, and FIG. 2 is 
an architecture explanatary drawing representing an example of the finishing device 
which the present invention is applied to, and FIG. 3 is enlarged sectional view of a 
wheel-spindle stock of FIG. 2, and FIG. 4 is a right side surface explanatary drawing 
of FIG. 3, and FIG. 5 is the gear to be processed and explanatary drawing which it is 
engaged, and represent a condition with an abrasive wheel. 
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1.. head-stock, 
3... head center, 
4... tail stock, 

5... tailing in flotation center, 

6... spindle motors, 

7.. abrasive wheels, 

12... wheel-spindle stocks, 

13... feed motor, 

16... abrasive wheel drive motors, 
19.. pulse generators (a sensor), 
25... magnetic sensor, 
W ... cover work gear, 
A bC ... bank rush. 
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